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ABSTRACT

We wish to propose a simple expériment to examine the energy spec=
trun of wide anglé gamma rays produced in 100 - 500 GeV interactions.
Phase I of the experiment will involve a simple measurement of this
energy spectrum and phase II will entail observation of the energy
spectra for colncident wide angle gammas. Phase I and Pﬁase IT will

run concurrently.

As a survey experiment which can be done quickly at machine turn
on time, we propose to measure the singies and doubles gamma ray energy
spectrum emitted in proton-nucleon collisions in the 100 - 500 GeV
range. The motivation for each measurement is slightly different and will

be treated separately.

Phase I - Single spectrum motivation

Initially we would like to measure the energy spectrum of y rays

at a set of & angles in the lsb at 20% intervals from spproximately 10°

Correspendent : B. Cox, Iopt. of Physics, The Johns Hopkins Uadversity



F5-2

to 170° with respect to the incldent beam direction. We propose to use
a lead~lucite sandwich shower counter to measure the energy of the gamma
rays., -We should be able to attain an average 15% energy resolution in a
range extending from .5 to 8 GeV. The approximate angular resolution
for & 20 cm. x 20 cm. sensitive area will be épproximately 10° at 1 meter
from the target.

In this study of the gamma energy speéctrum we plan to check the.
transverze momentum distributions of the detected gammas from the decay
of wo-s originating in the fragmentation of the target nucleon against
the predictions of the various models of high energy interactions such
ag the limiting fragmentatiom, ﬁultipheripheral fireball and thermodynamical
mc:cle:ll.s.,l’m5 In general each of these models predicts low transverse momen—
tum. Since no gammas with high transéerse moumentum are expected it would
introduce important modifications of present pictures of high energy inter-
actions if such exotic gammas were present. The possibility of seeing
éffects due to pionization at this forward amgle 18 also present. The
opening angle of projectile fragments is on the average Very small and

does not confuse the picture.

‘Phase 1T - Coincidence spectrum motivation

The motivation for observing tﬁe gamma coincidences stems from
the expectation that the processes6 which give rise to massive lepton ?airs
should also give rise to very massive gamms paixs. The_experimant7 of
Lederman at BNL has already observed such a spectrum of massive lepton
palrs. According to the parton annihilation model of Paschosg the cross
sections for dimuon and'digﬁmma formation should be related by

2 72
<Qs Q5>
<2 q
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where m is the mass of pair, S is the square of total center of mags energy,
2 p2

a 4
” :

q, 0>

of the parton and antiparton which is equal to 1 if the charge of the

M ds the nucleon mass, an is a correlation function of the charge

parton 1s l. In the most optimistic case

égé v 9 dcz
dm dm ‘
YY MU

at 500 GevV

This mechanism can produce,as indicated by the large digamma mass range
shown in fig. 1,correlated gamma rays with high transverse momentum.
We should be gble to observe the portion of this digamma spectrum in which

the digamma center of mass is slow in the lab.

Procedure

We tentatively plan to position experiment in the 14 ft. by 12
ft. gallery forward of the target box in Area I. The target will con=-
sist of a .1 mm. Cu‘fcil. This should give 10® events/sec/mb of cross
section at beam intensities of 1012 protong/pulse. Assuming an average
multiplicity of 12 at 500 GeV and an equal charge to neutral prongs, we
expect a single counting rate of n 6 # 103 events/sec/mb due mminly to
high multiplicity events.

The coincidence counting rate is at this point largeiy hypotﬁetical.
We can only make a model dependent guess extrapolated from Ledermanfs
preliminary data. We estimate

o v 7 x 10792 op?

It will be possible to see only a fraction of this cross section due to
the probable high momentum im the beam direction of the digamma in the
lab, Estimating this fraction to be .l we arrive at a ceincidence

counting rate for this process of approximately

1 event/100 sec.



754

Referring to figure 1 both gamma rays should have energies cn the aver-
age much above 1 GeV and, therefore, be easlly separated from random
background.arising from multiparticle final states.

We estimate that a minimum of 100 hours of beam time will allow
us to accumulate a useful amount of data. The shower counter will be
constructed by Johns Hopkins. We do not anticipate reéuirimg any

equipment contribution from KAL.
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.A. Pevsner, and R. Zdanis
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"ABSTRACT

This addendum amplifies and elaborates on our proposed cxperiment
to examine the gamma ray singles and doubles spe;trum arising from pp
collisions in the energy range 100 to 500 GeV. We emphasize the experi-
mental procedure and detection technique and the time scale for con-

struction and calibration of suitable Cerenkov detectors.

Correspondent: B. Cox, Dept. of Physics, The Johns Hopkins University
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In review of our previously submitted proposal we would like to reiter=
ate that we wish to study the gamma ray energy spectrum for single gammas and
to search for coincidences between gamma rays emitted in pp collisions. We
wish to perform thiéAstudy ét a set of 5 energies between 100 and 500 GeV.
Both phases of the proposal will run simultaneously. The PL area of the

proton lab constitutes an acceptable locationm.

Phase I Procedure

The observation of the singles gamma ray energy spectrum will take place
Simultaneously with thé coincidence search. At each energy the gamma ray
spectrum will be measured at a set of 17 laboratory angles equally spaced
from 10° to 170° with respect to the beam by a lead glass Cerenkov detector
placed nominally at 1 meter from the target. Details of the detector are
discussed in Appendix I and a schematic of the detector is shown in‘figure 1.
In figure 2 the proposed positioning of the detector for this phase of the
experiment is shown. The thin transmission target will consist of a.l mm Cu.
foil. Based on beam size estimates of lmmin PL the transmission target
should have a cross—-sectional .area of width greater than 1 cm. A prelim-
inary version of a support for the detector which includes the option for both-
vertical and horizontal positioning and is shown in figure 3. Distances of
verilcal traverse are based on beam height'in PL as outlined in the prelim-
inary construction plans for this arcal.

In order to estimate running times necessary for this phase of the
experiment it is necessary to make models of the high energy processes which
lead to high pion multiplicitie;. Based on severél theoretical sourcesz’3’4

‘the particle multiplicities in pp collisions should go up approximately as
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dictated by the general form
<n> ~ a log S Where S is the square of
the center of mass energy
and a n 2 |

This would predict an average multiplicity of a pp collision at 300GeV/c
of approximately 8. The statistical I spin independence mode15’6fwhich has had
some success in predicting the number of 7°'s in T p reactions7 at 25 GeV)
" predicts <n> 7~ 3 ané an average charged multiplicity of 5 which agrees
approximately with .the average multiplicity found in the LRL study8 of pp
collisions in the Brookh;ven 80" chamber done at 28.5 GeV. The combination
of this multiplicity formula and isospin independence further predicts an
average charge multiplicity of 6 at 200 GeV in good agreement with the
observation of the Michigan group in the Echo. Lake cosmic ray datag. Accord-"
ing to this model these 6 charged tracks should be accompanied by 6m°. Our
model of continuum processes should then incorporate high multiplicities
and large numbers of 7°'s.

The sccond salicnt feature of both the accelerator and coumic ray data
is thae low averapge trangversce momentum. It has boen pointed
outlo that since low mass fircballs are a - feature of coumle ray ddtnll
one can obtain such low transverse momentum by assuming that these fircballs arlse
from peripheral excitation of both the target and projectile and a phasc space
.~ decay of the excited fireball into a large number of particles.

We have taken this to be 'a possible medel of the multiparticle final
states which we propose to observe. It has Fhe added advantage of allowing
us to study separately so-called target diffraction and projecticle dif-
fraction merely by ignoring either the slow target fireball or the“fast

projectile fireball. TFor definiteness we have assumed in our Monte Carlo
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studies an average multiplicity of 12 particles with 6 emanating from the
tavgat Firveball and 6 from the projectile fiveball, The womentin tvaosfer

dependence assumed is e Bt. For purposes of the rate calculation we esti~

mate <n> o ~ 6 and assume that each fireball contains an average of 3n°.
T

We show a typical energy spectrum arising from this process in one
of the forward detectors in figure 4a at a beam energy of 200 GeV. If we
use the pp cross section of 30mb observed in the Echo Lake experiment at 200
GeV as an upper limit for processes of thié kind we predict a2 range of
counting rates from 3 x 107 gammas/sec in the 10° position to 3 x lO5
gammas/sec in the 170° position. Both numbers are quoted for a distance'of
3 meters from the target and lO12 protons/pulse. Table 1 summarizes the

13

results for all positions. No cut off has been made on gamma energy. As

seen in figure 4 the gamma ray lab energy is peaked relatively low. This is
typical of all positions with the energy decreasing with increasing lap angle.
This is essentially a reflection of the low transverse momentum of the pions.
The high energy gammas are contained'in a very tight forward cone a few mrad
in aperture and miss the detectors in all positionings. As will be seen in
the phase II calculations, processes giving rise to“high transverse momentum

lead to a very different energy spectrum,

Phase II

In phase II we have proposed to search for coincident gamma ray pairs
and cxamine thelr mass spectrum. A motivatibn for such a search includcs.
processes such as very massive neutral bosons decaying intc di gamma and the
parton annihilation proposed by Paschoslz; Based on the connection between
parton annihilation and the point-like muon Pair production observed by Ledermaﬁ
pointed out by the work of Paschos we have constructed a Monte Carlo model of

_the reaction. ‘
' P+ p > yy + anything
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Based on reference 12 we select a di gamma mass which falls as 5%—— and is
YY
produced in a catastropic collision, recoiling isotropically in the center of

mass system against a phase space extending from the nucleon mass upward to the
. . . . v . . S+ -

kinematic limit. This sort of model is consistent with the p R  system ob-

served in the Lederman experiment. Under the assumption of a parton charge

of 1, UYY ~ o8 0., _ at 200 Gev, Since the cross section for di muon production
MM

seems to be rising, we take as a lower limit for pp - u+u_ + anything to be

33

3 x 10 cm’ (in the forward 65 mrad cone, P, _ > 12 GeV/c, and M&Y > 1 GeV).

We estimate a lower limit of b
SOO_di Y events/sec M#? > 1 GeV
from Paschos's model and the Lederman data. |

The energy spectrum of these events are shown in figure 4b. For com—
parison with the multiperipheral process in figure 4a we have given éxpected
rates at energies greater than 4000 MeV.

In the cqincidence measurement we propose to place two Pb glass detectors
in botﬁ coplanar and non-coplanar positions. We point out fhat the non-coplanarity
of the partonlannihilation model is due only to Fermi energy or the binding of
the individual parton in the nucleon. This will serve.to enhance the expected
coincidence rate for the parton annihilation process when data are taken in a
coplanar attitude. However, part of the running time will be devoted to a
survey of non-coplanar positioning of the counters to search for other processes
such as boson decay which will most certainly ﬁot be coplanar with the beam.

We have illustrated in figure 1 one possible positioning of detector
2 in the coincidence search. We have investigéted the mass spectrum arising
from the multipizero interactions and the parton annihilation model as observed
by dctuctor 1 and 2 4n geveral coplanar pondtionings. We ahow in Llgure 5bh

the spectrum detected in the detector 1 - 200, detector 2 - 10° coplanar
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positioning. We estimate for this particular configuration a coincidence

counting rate of

Multipizero ~ 104/sec at all masses
Parton annihilation & 1/3 sec above 1 GeV
‘In these calculations we have assumed coplanarity of the parton annihilation
process and a 3 meter distance from the target. Finally we estimate the

number of multipizero coincidences above 1 GeV to be less than

3 x 1073 events/sec

Resolution

We have attempted to estimate the mass resolution of this two detector
system. Although this is obviously a quantity which depends on the physics
belag obsorved we can arrive at an upper limit, Results obtainad by the
CERN ISR group indicate an attainable encrgy resolutlon FWIM of AE n 107/ VE.

We conservatively estimate an energy resolution in this calculation of

'—A—g— ~ 20%/VE

In addition we estimate that through careful examination of the pulse height
pattern in our 25 sections of ecach detector Qc can localizc the shower axis
to 2 em o In each dlirectlon. Asnuming a paunslan distributfon with Full
width of 4 cw and a ponitlonipg of detectorn 1 and 2 at 1 metar fvom the
target we can achieve a resolutlon curve shown in flgure 6a. In figure 6b
we show the mass resolution integrated over all masses. We point out that
while these curves obviously depend on the physics observed, we view these

as upper limits on the mass resolution. By achieving the better energy

resolution and by moving to 3 meters we can improve things greatly.
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Time Schedule

The various stages for the experimént which look feasible now
are the following
‘a) Detector assembly begins July 1, 1971
b) Detector assembly essentially complete Oct. 1, 1971
(Based on quoted Pb glass delivery times)
¢) Detector calibration in electroé beam Oct.- Nov. 15, 1971

(SLAC or Cornell)

From this point on we assume that space will be available in the.
proton area PL from Dec. 15, 1971 and a beam of sorts will beAavailable

in Jan. 1972.

d) Equipment assembly at NAL Dec.1l5 ~ Jan. 1, 1972

e) Testing in proton beam January 1972

£) Duration of setup 1.5 months

g) End of experiment March, 1972
Manpower

There are avallable an electrical engincer, an electronics techniclan,
and a programmer who <¢an spend ~ SQ ~ 757 of their collective time on
various aspects of the experiment. We can count on 1.5 full time graduate
students for aid in running and setup. We can commit 3 full time physicists

to the execution of the experimental program.
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Appendix I -

Detectors and Electronics

Each detector, the schematic of which is indicated in figure 1,
will comsist of 25 rectangular pieces of ‘lead glass of type PEMG4(SF5)
or PEMG5(SFl). Each individual subunit will be 5 cm x 5 em x 25 radiation
lengths in size. Using the results pf ﬁ. Nagel and U. Volkel14 (see figure
7) on the development of high energy showers we estimate that > 99% of
a 6 GeV shower will be contained in the entire detector volume and > 80%
will be contained in the subunit initially struck by the photon. (for
photons incident on the center of the detector) Each.subunit has a sep—
arate phototube-base-ADC assembly such that the data taken for each coinci-
denceA will consist of 50 pulse heights.

The tentative electronic logic diagram is shown in figure 8. In-
cluded is the logic necessary to fofm the fast coincidence. Table 2
lists the necessary components. Exact coincidence logic will depend on
the shower formation in the leéd glass, the background of low energy gammas
present and the accidental -coincidence rate. It may be possible to detect -
reliably the presence of a shower by simply discriminating on the total
light output of the whole detector rathe¥bthan asking for a very bright
subunit. In this case most of the discriminator and or/nor modules listed
could be dispensed with. The electronics list has been formulated in terms
of EGG modules and a PDP~1l computer but investigation of alternatives is
underway.

Calibration of the detectors will be performed in an electron béam

either at SLAC or Cornell. This will be as detailed as available running
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time allows. We would like to calibrate as a function of incident energy
and beam position with both detectors in essentially the form desired for

the NAL experiment.
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Table 1

Multipizero Production Singles Rate

100
110°
120
130
140
150
160

170

‘Rate

3.0 % 107/sec

3.0
2.7

2,2

.1I7

1.3
9.7
7.4
2.5

4.3

3.4

2.5
1.8
1.3
1.0

7.0

3.0

X

X

X

X

10?/sec
107/sec
107/sec
107/sec
107/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
lOs/sec

lOs/sec

D577
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10
11

122

A

)

phase (b) of the time schedule.
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Table 2

*
Electronics

Description
Linear Gate end Stretcher
Analog to Digital Converter

Dual updating and discriminator
Module

Dual OR/KCR Module

Four Fold And/Nand Module
Dual Tour Fold Fancut
Strobed Coincidence

Dual Gate Generator

Delay Roucs

Powerad NIM Bins

Power Supplies

Power Supply Fanouts

Ot equivalent CAMAC oxriented modules,

of the out:or 106 subunits of each. We quote

two numbers.

Model (21l ICG)

LG105/x
AD128BEAN

TR204A/8

OR102/K
CLO4A/N
F108N
C146/%

CG202/%

he exact nuwber of modules will depend on the tests conducted in

G5-/8

Quantitv+
26 (50)
26 (50)
19 (27)
8 (18)
1
1
5 (9)
2
17 (27)

Ve will basicelly decide on the geomerry

The number not

in parentheses is the number of moduleg needed if outer 16 subunits are

coubined into 4 pleces.

cach subunit is discrcete.

The number in parentheses is the number if



JOHNS HOPKINS HIGH ENERGY PHYSICS GROUP | p1omo No. l Page | ‘ of |

GAMMA DETECTOR
' DATE  4/z29/7) 2.D.CAW)
| | 9519
AR zZ W
ul & 0 z
Lo F
o - <L
b 50
O 0 . q M
=) ;. [fz e i
Fl by w 5
O <y .
T TR L)
al o £ 0n X
& a g ¥
o <« ] ‘;2 pi-
Y+ SR
¥ : o8~
) ) >
&£
¢4
w
F
z
o &
0 |
: %
J |
w .
I 0
ul -
D |
; {
< iy
z i
z
<
O
%
<

qET

\/
TRANSMISSION
TARGET

3emm |
—— e



Group

 JOHNS HOPKINS HIGH ENERGY PHYSICS Memo No. Pao of
SUBJECT . ] NAME T cn 2
Detectar FPosrtioning ‘
DATE

1
[
i
{
i
!

g

726 - 20




Of

Page

Memo No.

'Fm*u.T"c: 3

NAME

DATE

JOHNS HOPKINS HIGH ENERGY PHYSICS GROUP

SUBJECT

Deve d‘a ¢ Hoaw’t

952/

D Y0P s

S Y
SLIgE RAILS

FR2M B35 M

Ue

§
207 b~ —— - P
i
PR TIRIT
SIDE VIEW
C 3.7
”
~ -- e - =
- A

®
)

BEAM DiRECTionm

[INTO TARGTT

o o neemmn,

——| L

Lo

TN TP L v |

b = e A

e s vt ey o e S, 278

SAME A3

RO

e Alass el




JOHNS HCOPKINS HIGH ENERGY PHYSICS GROUP

Memo No. Pagé

Of

SUBJECT

NAME Fiqure ¥

| DATE

v
e e,

e S bt
e . - aR
.

20
= !
e 'E,
¢ z
i 1
B :-\-' i

-
-
TM
’«‘M‘M— —

Huttv F1 2eva
Eneryy “\‘u e ew e
20° Patector
F’o.:,; {%’ l T b

"
-

=2 1,6 8 T
. land N J
:’) LSEEs 28

£
Suwds ) {

R e 3 P b

Rebitvary U ks

2500 Hacs

m
!

. AT
.Pdr’rcs:» H %Qz-s\\:} hatio m
Enfe.‘i‘:\d S?Qﬁ‘{'?uw\

20" Gededor

. A3 N
ﬂ's?;.ﬁ‘u G

Ebffdﬂ = Ron Gan

L Y .
-:1 {;\‘ & H > B ey E"‘SJ'\S, /S fe X <N
Hooo

4 3 Y 11 | . N D
16 2500 Ban0 sonn Soos

Ey

756-22

Qﬂfs‘»-\l\‘a /':,s? .




JOHNMNS HGPKINS HIGH

ENERGY PHYSICS GROUP

Memo No. Page of
SUBJECT NAME e 5
1 DATE
S | 95
3 o et R vt S«m
¢ \a\- T ball ﬂwﬁ‘\?pma
% Hazn s z:-rs_uxm*.
gi,
E (S
s .
’: % VieXechar £ Condiine An®
’-5': "5 Doy Nee & (’am\f&i 68 vy
}‘:‘ ! ;gl .I:_...._.\: A...\..LQL‘ -S-.-i-w BTN ‘-ll‘..
[} ] !
S
e k
& Lad
=

e
e
/"s"{

\5‘¢D {'Q,_lj(:-_ \ e 2aE00
“‘6‘6
‘.
]
. % VQ\‘*\ch Flva ey Lalad Cin
:f ; Nase 'br\:e\\\’u W
o |
i . Eb‘ 200 Gay
£ -
5 i
. :
]
; . oI
T 5 Detecker ﬁ. lQ.\«\i’?\{nJ
= X .
= Y)ﬁ::*\t't‘\q '8 Pa&ti\“tmé
i
Fandl }ﬂf:‘ 2. ""-.‘Ew 1 ARV
PR
- e
o
AT
P
wo !
i
{ e -
g
3 4 L L o LT
Hoo 1teo \es nend RESy ANt

ia"

G

i

'\‘




JOHNS HCPKINS HIGH ENERGY PHYSICS GROUP

Memo No. Page of

SUBJECT .
A LETP Y T
U‘ ““(‘ L“H*\\zf ISk i\\’&“'»f:- '{."-';‘Z’A".l}‘\‘é»&v’—(i!"‘

gq‘-o‘ b ‘-}.‘; Loeand o s b ‘- elag

NAME s g 1,

DATE

T -24

Dereckor 2 - {Gn
Deteciar L - n0°

i
;
é .
i
i
;
204 -
a1 !
S R H
i '
3%
ol -
é ;‘N.
i 1. e \.
oo joea 1560 QH00
. A
s 1
i
]
{
$
b i
:ag:v: ;'
& ¥
v 4
ik.l € T
o . R avest
; ‘, \,
t&\
%
: '\
AN
=
s %

t § ri‘

L& t){)t}" ﬁ lﬁ( ’)‘ O-l R AN
5\4";"! shwhian nﬁmv akrd

W3
;M; [TOLAN mi»:-'"u.téi

S B,

.

e




JOHNS HOPIINS HIGH ENERGY PHYSICS GROUP | p1omo No. Page

Of

SUBJECT 7

NAME Finunyee

-

Shemns Devael Gy LR Y

‘DATE

1o,

E 3 - tp }\:‘:’ 2N

TN P b e g R, P T Y e

_.'G
|.~’
-~ .
. i
- i
o {
ik 3
~%r 4
al >
» §
- .
e ;
)
3
3
a i
o by
k)
e 7 . st g+
. ‘ -
gl

LR

- ‘\\
\
v
a

3 -
>
e ek

A%
Vel ™. T
V{4 ;f' ,\ e,
'MMW-‘I -~

s

A = e A T o S Y W A oy

T4 =258

t=25%,

ISR RPN NPT SCRNSH SUVUINIENE SYIFOROU) [VORNITUI, PRSP SR SIS JPOUINN RN SN | * L 0
- - - . . . : o
L M & % L e T T S < TR Ir M- SR U SR/ R - T- SR T

A (ngd

D= redws afoay whesw ARLs g
= depih ok SAUSRERY

:)(‘ o (‘m&kq‘\"q@.w !ma:“‘\,‘ (o

-S,.x\{:v.;.\i‘ v aXyy



<

JOHNS HOPKINS HIGH ENERGY PHYSICS GROUP

Memo No.

Of

Page

SUBJECT

- ' . \ ;\‘ A NAME I T %
Elechravye Logra Seereta¥hic :
DATE
=
/70 2e
21 I S R
P\m:,\ ¥ ebe ¢ BT
Baze, T L E gk
=1 Sk 5 v &r;
- i Oy T p O
dacz ontl ) ¢ U (¥ ! L
ettt M ] gy b
: S ) o i
: z o0
; b f o
" 0
L i A
2 i .
& i ﬁai‘ i
v 3] 3
Ve, ! b {
e === \
= |ed o A
R ———t o173 '::: DD%-_ES
- . ot ¢ [
Lt
: \
Wit Y
™ E
{
TGN P
RV TN g
—1,’;\__.“_..,‘:‘? ‘
B2 3 T e ¥
o O
b
ol G
] S
i O
S
P12z
v

P!i‘) k,m\‘:..,_; :Av.\ \\li-ll‘ ‘

o
Ls xf‘n- ¥

73

iomd

a/y

Siewal
o,
Ou.o\\c ke
Lt.\m [Tt
Oolectord



JOHNS HOPKINS HIGH ENERGY PHYSICS GROUP

Memo No.

Page

,Of

¢ SUBJECT

Tq-r’\vyl.' l ‘!\aw\r&“

NAME - Fuiuen 9

DATE

CAluve.

Tagget Halder .

-wuéé"

k
hﬂu
“iey
L
'
> 1
t !
A 3
i
1
N {
¢ "'J"‘.\x /, q
v T y-28
4
1 i
I 3
5 i
. ‘
'
i -ﬂ\

ty 4
AU -2y

FE

ITLY)

0 r a— 256

any
o

Noia— 2-5¢

Sel leosew

G-z




) endum to Proposal’ | 6/
Addend Proposal 95 /3/7/

PROPOSAL FOR EXAMINATION OF WIDE ANGLE

"GAMMA RAYS AT 'NAL

C.-Y. Chien, B. Cox, D. Denegri, L. Ettlinger, L. Madansky,

.A. Pevsner, and R. Zdanis

The Johns Hopkins University

T. Toohig

National Accelerator Laboratory

"ABSTRACT

This addendum amplifics and claborates on our proposed ‘experiment
to examine the gamma ray singles and doubles spectrum arising from pp
collisions in the energy rahge 100 to 500 GeV. We emphasize the experi-
mental procedure and detection technique and the time scale for con-

struction and calibration of suitable Cerenkov detectors.

Correspondent: B. Cox, Dept. of Physicé, The Johns Hopkins University



In review of our previously submitted proposal we would like to reiter=-
ate that we wish to study the gamma ray energy spectrum for singlé gammas and
to search for coincidences between gamma rays emitted in pp collisions. We
wish to perform this study at a set of 5 energies between 100 and 500 GeV.
Both phases of the proposal will run simultaneously. The PL area of the

proton lab constitutes an acceptable location.

Phase I Procedure

The observation ofrthesinglesgamma ray energy spectrum will take place
simultaneously with thé coincidence search. At each energy the gamma ray
spectrum will be measured at a set of 17 laboratory angles equally spaced
from 10° to 170° with respect to the beam by a lead glass Cerenkov detector
placed nominally at 1 meter from the target. Details of the detector are
discussed in Appendix I and a schematic of the detector is shown in figure 1.
In figure 2 the proposed positioning of the detector for this phase of the
experiment is shown. The thin transﬁission target will consist of a.l mm Cu.
foil. Based on beam size estimates of lmmin PL the transmission target
should have a cross-sectional area of width greater than 1 cm. A prelim-
inary version of a support for the detector which includes the option for both
vertical and horizontal positioning and is shown in figure 3. Distances of
veruical traverse are based on beam hgight.in PL as outlined in the prelim-
inary construction plans for this arcal.

In order to estimate running times necessary for this phase of the
experiment it is necessary to make models of the high energy processes which
lead to high pion multiplicities; Based on several theoretical sourcesz’3’4

the partiéle multiplicities in pp collisions should go up approximately as



lictated by the general form
<n> v a log § Where 5 is the square of
the center of mass energy
and a v 2
This would predict an average multiplicity of a pp collision at 30 GeV/c
of approximately 8. The statistical I spin independence mode15’6(which has had
some success in predicting the number of ﬁo's in ﬂ—p reactions7 at 25 GeV)
"~ predicts <n> a° 3 an& an average charged multiplicity of 5 which agrees
approximately with.the average multiplicity found in the LRL study8 of PP
collisions in the Brookhéven 80" chamber done at 28.5 GeV. The combination
of this multiplicity formula and isospin independence further predicts an
average charge multiplicity of 6 at 200 GeV in good agreement with the
observation of the Michigan group in the Echo Lake cosmic ray datag. Accord-"
ing to this model these 6 charged tracks should be accompanieq by 6m°. Our
model of continuum processes should then incorporate high multiplicities
and large numbers of 7°'s.
The second salient feature of beth the accelerator and coumle ray data
1 thoe low average tranosverve momentun., It has been polnted
outlo that since low mausns [Ireballe are a feature of commle ray dutnll
oua can obtaln guch low transverse mémentum by agsuming that theso {lreballs arlac
frOm'pcerhcral excltatlon of both the target and projectile and a.phnuc space
decay of the excited fireball into a large number of particles.
We have taken this to be 'a possiblé model of the multiparticle final
states which we propose to observe._ It has the added advantage of allowing
us to study separately so-called target diffraction and projecticle dif-

fraction merely by ignoring either the slow target fireball or the fast

projectile fireball. For definiteness we have assumed in our Monte Carlo



studies an average multiplicity of 12 particles with 6 emanating from the
tavget firehall and 6 from the projectile fireball, fThe womentin transfer
dependence assumed is e—'et. For purposes of the rate calculation we esti-

mate <n> o ~ 6 and assume that each fireball contains an average of 37°.
T

We show a typical energy spectrum arising from this process in ome
of the forward detectors in figure 4a at a beam energy of 200 GeV. If wé
use the pp cross section of 30mb observed in the Echo Lake experiment at 200
GeV as an upper limit for processes of this kind we predict a range of
~counting rates from 3 x lO7 gammas/sec in the 10° position to 3 x lO5
gammas /sec in the 170° position. Both numbers are quoted for a distance of

3 meters from the target and 1012 protons/pulse. Table 1 summarizes the

results for all positions. No cut off has béen made on gamma energy. As

seen in figure 4 the gamma ray lab energy is peaked relatively low. This is
typical of all positions with the energy decreasing with increasing lab angie.
This is essentially a reflection of the low transverse momentum of the pions.
The high energy gammas are contained in a very tight forward cone a few mrad
in aperture and miss the detectors in all positionings. As will be seen in
the phase II calculations, processes giving rise to high transverse momentum

lead to a very different energy spectrum.

Phase II

In phase I1 we have proposed to search for coincident gamma ray pairs
and examine their mass spectrum. A motivation for such a search includes
processes such as very massive neutral bosons decaying into di gamma and the
parton annihilation proposed by Paschoslz; Based on the connection between
parton annihilation and the point-like muon Pair production observed by'Lederman
pointed out by the work of Paschos we have'constructed'a Monte Carlo model of

the reaction
' p + p * yy + anything



Based on reference 12 we select a di gamma mass which falls as E%—— and is
_ YY
produced in a catastropic collision, recoiling isotropically in the center of

mass system against a phase space extending from the nucleon mass upward to the
. . - . . . . + -

kinematic limit. This sort of model is consistent with the U u system ob-

served in the Lederman experiment. Under the assumption of a parton charge

of 1, 0.~ 8 o, _at 200 Gev. Since the cross section for di muon production

YY RTREY |
seems to be rising, we take as a lower limit for pp - ﬁ+ﬁ— + anything to be
3 x.10—33 cm2 (in the forward 65 mrad cone, p n " 12 GeV/c, and M&Y > 1 GeV).
We estimate a lower limit of wE
SOQ.di Y events/sec M&? > 1 GeV

from Paschos's model and the Lederman data.

The energy spectrum of these events are shown in figure 4b. TFor com-
parison with the multiperipheral process in figure 4a we have given expected
rates at energies greater than 4000 MeV.

In the coincidence measurement we propose to place two Pb glass detectors
in both coplanar and non-~coplanar positions. We point out that the non-coplanarity
of the parton annihilation model is due only to Fermi energy or the binding of
the individual parton in the nucleon., This will serve.to enhance the expected
coincidence rate for the parton annihilation process when data are taken in a
coplanar attitude. However, part of the running time will be devoted to a
survey of non-coplanar positioning of the counters to search for other processes
such as boson decay which will'most certainlylnot be coplanar with the beam.

We have illustrated in figure 1 one possible positioning of detector
2 in the coincidence search. We have investigated the mass spectrum arising
from the multipizero interactionms and the parton annihilation model as observed
by detector 1 and 2 in sceveral coplanar positionings,. We show dn Llgure 5b

the spectrum detected in the detector 1 - 200, detector 2 - 10° coplanar



positioning. We estimate for this particular configuration a coincidence

counting rate of

Multipizero ~ 104/sec at all masses
Parton annihilation i 1/3 sec above 1 GeV
In these calculations we have assumed coplanarity of the parton annihilation
process and a 3 meter distance from the targgt. TFinally we estimate the

number of multipizero coincidences above 1 GeV to be less than

3 x 1073 events/sec

Resolution

We have attempted to estimate the mass resolution of this two detector
system. Although this is obviously a quantity which depends on the physics
being observed we can arrive at an upper lilmit., Resulis obtained by tle
CERN ISR group indicate an attainable encrgy resolution FWHM of A% w107/ VE.

We conservatively estimate an energy resolution in this calculation of

Ag n 207/ VE

In addition we estimate that through careful examination of the pulse height
pattern in our 25 scctions of each deteetor we can localize the shower axis
to 2 em dn each dlrectlons  Asaumlbng a gaunslan distrlbution with Fatl
width of 4 cw and a ponltloning ol detectors 1 and 2 at 1 meter [rom the
target we can achleve a resolution curve shown in fipure 6a. In figure 6b
we show the mass resolution integrated over all masses., We point out that
while these curves obviously depend on the physics observed, we view these

as upper linits on the mass resolution. By achieving the better energy

resolution and by moving to 3 meters we can improve things greatly.



Time Schedule

The various stages for the experiment which look feasible now
are the following
‘a) Detector assembly begins July 1, 1971
b) Detector assembly essentially complete Oct. 1, 1971
(Based on quoted Pb glass delivery times)
¢) Detector calibration in electron beam Oct.- Nov. 15, 1971

(SLAC or Cormell)

From this point on we assume that space will be available in the
proton areca PL from Dec. 15, 1971 and a beam of sorts will be available

in Jan. 1972.

d) Equipment assembly at NAL Dec.15 - Jan. 1, 1972
e) Testing in proton beam January 1972
£) Duration of setup 1.5 months
g) End of experiment March, 1972
Manpower

There are uvuiiuble an electrical englnecer, an electroniles technician,
and a programmer who <an spend n 50 - 75% of their collective time on
various aspects of the experiment. We can count on 1.5 full time graduate
students for aid in running and setup. We can commit 3 full time physicists

to the execution of the experimental program.



Appendix I

Detectors and Electronics

Each detector, the schematic of which is indicated in figure 1,
will consist of 25 rectangular pieces of lead glass of type PEMG4(SF5)
or PEMG5(SF1). .Each individual subunit will be 5 em x 5 cm x 25 radiation
lengths din size. Using the results pf ﬁ. Nagel and U. Volkel14 (see figure
7) on the development of high energy showers we estimate that > 997 of
a 6 GeV shower will be contained in the entire detector volume and > 80%
will be contained in the subunit initially struck by the photon. (for
photons incident on the center of the detector) Each subunit has a sep-
arate phototube-base-ADC assembly such that the data taken for each coinci-
dence: will consist of 56 pulse heights.

The tentative electronic logic diagram is shown in figure 8. in—
cluded is the logic necessary to farm the fastlcoincidence. Table 2
lists the necessary components. Exact coincidence logic will depend on
the shower formation iﬁ the leéd glass, the background of low energy gammas
present and the accidental -coincidence rate. It may be possible to detect -
reliably the presence of a shower b& simply discriminating on the total
light output of the whole detector rather than asking for a very bright
subunit. In this case most of the discriminator and or/nor modules listed
could be dispensed with. The electronics list has been formulated in terms
of EGG modules and a PDP-11 computer but investigation of alternatives is
underway.

Calibration of the detectors will be performed in an electron beam

either at SLAC or Cornell. This will be as detailed as available running
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time allows. We would like to calibrate as a function of incident energy
and beam position with both detectors in essentially the form desired for

the NAL experiment.



lol

1L,

12.

13.

14,

~-10-

References

Title I Report Proton Laboratory, Drawing No. 8-4 PA-35.

B. Carazza and G. Marchesini, Preprint, Istituto Di Fisica, Parma, Italy (1971).
§=J, Chang and R. Rajaramon, Preprini, Institute feor Advanced Study, Princeton
(1969).

E. H. deGroot and T. W. Ruijgrak, Preprint 1242, CERN, Geneva, Switzerland (1970).
J. Shapiro, Supplement, Nuovo Cimento, series X, 18, 40 (1960).

Y. Yevin and A. DeShalit, Nuovo Cimento, 1, 1146 (1955).

J. W. Elbert, A. R. Erwin, W. D. Walker, and J. W. Waters, Nuclear Physics,
B19, 85 (1970).

R. Panvini, High Energy Collisions, Gordon and Breach, 461 (1969).

D. E. Lyon, Jr., Preprint ANL/HEP 7107, Argonne National Lab. 1 (1970).

R. Rajaramon, Preprint, Institute for Advanced Study, Princeton (1969).

See the Proceedings of the 10th Internatilonal Conference on Cosmic Rays,
Can. J. of Physics, Vol. 46, #10 (1968).

E. A, Paséhos, Preprint, Rockefeller Institute, New York (1970).

J. H. Christenson, G. S. Hicks, L. M. Lederman, P. J. Limon, B. Pope, and
E. Zavot£ini, Phys. Rev. Letters, Vol. 25, #21, 1523 (1970).

H. Nagel, Zeitschrift fur Physik, 186, 319 (1965)

U. V&lkel, DESY Report 65/6 (July 1965).



wlle

Table 1

Multipizero Production Singles Rate

100
110
120
130
140
150
160

170

Rate

3.0
3.0
2.7
2.2

107

1.3

9.7
7.4
5.5

4.3

3.4

’ 2'5

1.8

1.3

1.0

- 7.0

3.0

X

107/sec
lO?/sec
107/sec
107/sec
107/sec
107/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
106/sec
105/sec

lOs/sec
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Table 2 -
.Electronica*
Iten Description Model (all EGG) guantitz+
1 Linear Gate end Stretcher LC105/% 26 (50)
2 Analog to Digital Converter AD1283/N 26 4(50)
3 Dual updating and discriminator TR204A/H 19 (@27)
Module '
4 Dual OR/KCR Module OR102/X 8 (18)
5 Four Fold And/lNand Module CLO4A/N 1
6 Dual Tour Fold Fanout F108N 1
7 ' Strobed Coincidence C146/M 5 (9
8 Dual Gate Generator CG202/x 2
9 Delay Boxes SAC 032 1
10 Powered NIM Binos M120A./8 17 27)
11 Power Supplies
1z2 Power Supply Fancuts

* 0r equivalent CAMAC orvrlented wodules,

The exact nunber of modules will depend on the tests conducted ia

phase (b) of the time schedule. We will basicelly decide on the geometry
of the ocutcr 16 subunits of each. We quote two numbers. The number not
in parcntheses is the number of modules meeded i1f outer 16 subunits are
coubined into 4 pieces. The nuwber in parcentheses is the number if

each subunit is discrete.
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